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15‐PGDH

:   15‐hydroxyprostaglandin dehydrogenase

CM

:   conditioned medium

IHC

:   immunohistochemistry

IL‐1β

:   interleukin‐1β

LPS

:   lipopolysaccharide

PDAC

:   pancreatic ductal adenocarcinoma

PGE~2~

:   prostaglandin E2

TAM

:   tumor‐associated macrophage

TNF‐α

:   tumor necrosis factor‐α

1. INTRODUCTION {#cas13467-sec-0001}
===============

Pancreatic ductal adenocarcinoma is one of the most lethal and aggressive cancers because it is frequently diagnosed at an advanced stage, when this cancer is ineligible for complete surgical resection and is resistant to therapy.[1](#cas13467-bib-0001){ref-type="ref"} Furthermore, recurrence is common even after complete resection and is usually only amenable to palliative chemotherapy. The principal risk factor of PDAC is chronic pancreatitis, which results in an approximately 13‐fold increased risk for PDAC.[2](#cas13467-bib-0002){ref-type="ref"}

Chronic inflammation is implicated in the development of several cancers, including liver, stomach, colon, uterus, bladder, and pancreatic cancers. The relationships between hepatitis virus and hepatocellular carcinoma, *Helicobacter pylori* and gastric cancer, and human papilloma virus and cervical cancer have been confirmed by overwhelming evidence.[3](#cas13467-bib-0003){ref-type="ref"}, [4](#cas13467-bib-0004){ref-type="ref"}, [5](#cas13467-bib-0005){ref-type="ref"}, [6](#cas13467-bib-0006){ref-type="ref"}, [7](#cas13467-bib-0007){ref-type="ref"} Therefore, anti‐inflammatory agents such as aspirin, a COX inhibitor that blocks prostaglandin synthases, have been reported to reduce the risk of many cancers.[8](#cas13467-bib-0008){ref-type="ref"}, [9](#cas13467-bib-0009){ref-type="ref"}

Solid tumors are composed of cancer cells and diverse types of stromal cells, including cancer‐associated fibroblasts and TAMs.[10](#cas13467-bib-0010){ref-type="ref"}, [11](#cas13467-bib-0011){ref-type="ref"}, [12](#cas13467-bib-0012){ref-type="ref"}, [13](#cas13467-bib-0013){ref-type="ref"} Thus, tumor progression depends on not only the aggressive characteristics of cancer cells themselves but also on their interactions with stromal cells. A previous study reported that prostaglandin signal activation caused by TAMs promoted tumor metastasis.[14](#cas13467-bib-0014){ref-type="ref"} In addition, prostaglandin signaling had an important role in gastric tumorigenesis through TAM recruitment.[15](#cas13467-bib-0015){ref-type="ref"}, [16](#cas13467-bib-0016){ref-type="ref"} Given these reports, prostaglandin signaling in the arachidonate cascade likely has an impact on cancer progression in inflammatory environments.

Recently, 15‐PGDH, which degrades prostaglandin, has attracted attention, and inhibition of 15‐PGDH caused PGE~2~ accumulation and promoted tissue regeneration in mice by expanding the tissue stem cell fraction.[17](#cas13467-bib-0017){ref-type="ref"} Although 15‐PGDH is known to be a tumor suppressor in colon, lung, and breast cancers,[18](#cas13467-bib-0018){ref-type="ref"}, [19](#cas13467-bib-0019){ref-type="ref"}, [20](#cas13467-bib-0020){ref-type="ref"} the relationship between 15‐PGDH expression and PDAC progression is still unclear. Here, we elucidated the mechanism underlying regulation of 15‐PGDH expression and the prognostic impact of 15‐PGDH expression in PDAC.

2. MATERIALS AND METHODS {#cas13467-sec-0002}
========================

2.1. Patients and tissue samples {#cas13467-sec-0003}
--------------------------------

Primary PDAC tissues were obtained from 127 PDAC patients who underwent radical pancreatic resection at Kumamoto University Hospital (Kumamoto, Japan) between April 2002 and December 2015. Signed informed consent to participate was obtained from all patients. The study was approved by the Medical Ethics Committee of Kumamoto University (IRB approval no. 1291).

2.2. Cell lines, macrophages, and cell culture {#cas13467-sec-0004}
----------------------------------------------

The human PDAC cell lines PK‐8 and S2‐013 were obtained from the Japanese Collection of Research Bioresource Cell Bank (Ibaraki, Japan) and RIKEN Bioresource Center Cell Bank (Tsukuba, Japan). The cell lines were cultured in RPMI‐1640 supplemented with 10% FBS. Cells were maintained at 37°C in a humidified atmosphere containing 5% CO~2~. Cells were tested and confirmed negative for mycoplasma before use. Macrophages were obtained from PBMCs as previously described.[21](#cas13467-bib-0021){ref-type="ref"} For the direct and indirect co‐culture assays, the cell lines and macrophages were cultured in RPMI‐1640.

2.3. Preparation of CM {#cas13467-sec-0005}
----------------------

We prepared CM from PK‐8 cells and macrophages as previously described.[22](#cas13467-bib-0022){ref-type="ref"} Briefly, PK‐8 cells and macrophages were seeded (1 × 10^5^ cells/mL) into 100‐mm dishes. After 72 hours, the culture medium was transferred to centrifuge tubes and centrifuged at 3000 *g* for 5 minutes at room temperature. The supernatant was used as CM without being frozen.

2.4. Recombinant proteins, antibodies, and siRNA transfection {#cas13467-sec-0006}
-------------------------------------------------------------

Recombinant human IL‐1β and TNF‐α (Tonbo Biosciences, San Diego, CA, USA) were purchased. Antibodies against the following proteins were used as primary antibodies: β‐actin (\#4967; Cell Signaling Technology), CD163 (10D6; Leica Biosystems, Wetzlar, Germany), and 15‐PGDH (ab187161; Abcam).

Silencer Select siRNAs were purchased from Thermo Fisher Scientific (Rockford, IL, USA); the siRNA IDs of si‐15‐PGDH \#1 and \#2 are s6879 and s6880, respectively. Cultured cells were transfected with the siRNAs (final concentration, 5 μM using Lipofectamine RNAiMAX Reagent; Thermo Fisher Scientific). Cell viability was measured using Trypan blue and calculated as the number of viable cells divided by the total number of cells.

2.5. Immunohistochemistry and scoring {#cas13467-sec-0007}
-------------------------------------

Paraffin‐embedded sections obtained from the PDAC patients were deparaffinized and soaked in distilled water. Sample processing and IHC procedures were performed as described below. Endogenous peroxidase activity was blocked using 3% hydrogen peroxide. Sections were incubated with diluted primary antibodies. Detection was undertaken with a biotin‐free HRP enzyme‐labeled polymer of the Envision Plus detection system (Dako, Tokyo, Japan). A positive reaction was visualized using diaminobenzidine solution followed by counterstaining with Mayer\'s hematoxylin. All IHC staining was scored blind by two investigators independently. Immunohistochemical staining of 15‐PGDH was scored based on both the intensity and the extent of cell staining. The average proportion of positively stained cells was estimated and given a percentage score on a scale from 1 to 6: 1, 0%‐5%; 2, 6%‐20%; 3, 21%‐40%; 4, 41%‐60%; 5, 61%‐80%; and 6, 81%‐100%. The average intensity of positively stained cells was given an intensity score from 0 to 3: 0, absent; 1, weak; 2, moderate; and 3, strong expression). The two scores were multiplied to characterize 15‐PGDH expression as low (0‐7) or high (8‐18). CD163‐positive cells were counted in four randomly selected area of a high‐power field (×200) of a microscope. Immunohistochemical staining of CD163 was scored as the average absolute number of stained cells in a high‐power field.

2.6. Whole‐cell lysate extraction and Western blot analysis {#cas13467-sec-0008}
-----------------------------------------------------------

Cultured cells were washed twice with cold PBS and lysed in RIPA buffer containing 1 × Halt Protease and Phosphatase Inhibitor Cocktail (Thermo Fisher Scientific). The lysate was sonicated for 1 minute at 1‐second intervals and centrifuged at 15 000 *g* for 15 minutes at 4°C. The supernatant was collected as a whole‐cell lysate.

Protein samples were subjected to SDS‐PAGE and transferred to PVDF membranes in Towbin buffer. The membranes were blocked with 5% low‐fat, dry milk in TBST (25 mM Tris‐HCl \[pH 7.4\], 125 mM NaCl, and 0.1% Tween‐20). The membrane was incubated with primary antibodies in Can Get Signal Solution 1 (Toyobo, Osaka, Japan) at 4°C overnight. The signals were detected after incubation with rabbit or mouse secondary antibodies in Can Get Signal 2 at room temperature for 1 hour, using an ECL Detection System (GE Healthcare, Little Chalfont, UK).

2.7. Real‐time RT‐PCR {#cas13467-sec-0009}
---------------------

Total RNA was extracted from cultured cells using a miRNeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer\'s protocol. Complementary DNA was synthesized from the total RNA in the presence of SuperScript III, RNaseOUT Recombinant Ribonuclease Inhibitor, Random Primer, and Oligo(dT)~12‐18~ Primer (Thermo Fisher Scientific). Quantitative RT‐PCR was carried out using the TaqMan probe method. All primers and probe sets were designed by the Universal Probe Library Assay Design Center (Basel, Switzerland). All primers were synthesized by Genenet, and all probes were purchased from Roche Diagnostics (Basel, Switzerland).

The quantitative RT‐PCR assay was carried out in the presence of 1 × LightCycler 480 Probes Master (Roche Diagnostics), 0.1 μM Universal Probe Library Probes, 0.5 μM each forward and reverse primers, and cDNA in a total volume of 10 μL. The reaction was performed using a LightCycler 480 System II (Roche Diagnostics). All reactions were carried out in triplicate according to the manufacturer\'s recommended thermocycling conditions. Relative expression values for each gene were calculated using the 2^−ΔΔCT^ method with normalization to β‐actin. The primer sequences and probes used in real‐time PCR were as follows: 15‐PGDH (HPGD\_\#13), 5′‐CCAAAGACATTGATAAAGCCATAA‐3′ and 5′‐CACGCCATAGCAATTCACC‐3′; β‐actin (ACTB\_\#11), 5′‐ATTGGCAATGAGCGGTTC‐3′ and 5′‐CGTGGATGCCACAGGACT‐3′; IL‐1β (IL1B\_\#10), 5′‐AAAGCTTGGTGATGTCTGGTC‐3′ and 5′‐GGACATGGAGAACACCACTTG‐3′; and CD163 (CD163\_\#50), 5′‐GAAGATGCTGGCGTGACAT‐3′ and 5′‐GCTGCCTCCACCTCTAAGTC‐3′.

2.8. Enzyme‐linked immunosorbent assay {#cas13467-sec-0010}
--------------------------------------

Protein levels of IL‐1ß were measured by ELISA (R&D Systems) in conditioned medium. The assay procedure was performed according to the manufacturer\'s protocol. Protein values were calculated as pg/mL.

2.9. Flow cytometry {#cas13467-sec-0011}
-------------------

The protocol for analyzing CD68, CD163, and IL‐1β by flow cytometry has been described in a previous study.[23](#cas13467-bib-0023){ref-type="ref"} Briefly, the cells were stained using Fluorescein isothiocyanate (FITC)‐conjugated anti‐CD68 antibody (BioLegend, San Diego, CA, USA), phycoerythrin (PE)‐conjugated anti‐CD163 antibody (BioLegend), and allophycocyanin (APC)‐conjugated anti‐IL‐1β antibody (BioLegend). Isotype‐matched control antibodies were also obtained from BioLegend. Flow cytometry analysis was undertaken with a FACSVerse flow cytometer (BD, Franklin Lakes, NJ, USA).

2.10. Statistical analysis {#cas13467-sec-0012}
--------------------------

All experiments were carried out in triplicate, and the data shown are representative of consistently observed results. The data are presented as the mean ± SE. The Mann‐Whitney *U* test was used to compare continuous variables between the two groups. Categorical variables were compared using a χ^2^‐test. Survival curves were constructed using the Kaplan‐Meier method, and the log‐rank test was used to evaluate the statistical significance of differences. For statistical analyses, we used JMP (version 9; SAS Institute, Cary, NC, USA), taking into consideration the assumptions required for the respective tests. *P*‐values less than .05 were considered statistically significant. The investigators were blinded to allocation for IHC analyses and the in vitro experiments.

3. RESULTS {#cas13467-sec-0013}
==========

3.1. Low 15‐PGDH expression is implicated in poor PDAC prognosis {#cas13467-sec-0014}
----------------------------------------------------------------

To examine the impact of 15‐PGDH expression on the prognosis of PDAC patients, we first examined 15‐PGDH expression in cancer cells using IHC analysis of PDAC patients who underwent radical pancreatic resection between 2002 and 2015. Among 127 PDAC patients, we excluded 14 patients who underwent R1 surgery, because R status is one of the strongest prognostic factors,[24](#cas13467-bib-0024){ref-type="ref"} and 6 patients who had less than 12 months of follow‐up after surgery because of an inability to perform an accurate survival analysis. Thus, we undertook the IHC analysis using primary tissues obtained from 107 PDAC patients (Figure [1](#cas13467-fig-0001){ref-type="fig"}A). Expression of 15‐PGDH was detected in the cytoplasm in PDAC cells (Figure [1](#cas13467-fig-0001){ref-type="fig"}B). A high level of 15‐PGDH was observed in 47 patients. We further assessed the relationship between 15‐PGDH expression and clinicopathological factors of PDAC patients. Low 15‐PGDH expression was significantly associated with advanced tumor stage (*P* = .004), presence of lymph node metastasis (*P* = .002), and presence of nerve invasion (*P* = .013) (Table [1](#cas13467-tbl-0001){ref-type="table-wrap"}). A Kaplan‐Meier survival analysis revealed that low 15‐PGDH expression was significantly associated with poor prognosis of relapse‐free survival (*P* = .0464; Figure [1](#cas13467-fig-0001){ref-type="fig"}C) and overall survival (*P* = .0461; Figure [1](#cas13467-fig-0001){ref-type="fig"}D). These results suggested that low 15‐PGDH expression in PDAC cells is correlated with tumor progression and poor prognosis in PDAC patients.

![Low 15‐hydroxyprostaglandin dehydrogenase (15‐PGDH) expression is implicated in poor pancreatic ductal adenocarcinoma (PDAC) prognosis. A, Workflow diagram of patients who underwent pancreatic resection and contributed samples for immunohistochemical (IHC) analysis. B, Representative IHC staining of 15‐PGDH expression in 107 PDAC tissues. Scale bar = 100 μm. C,D, Relationship between 15‐PGDH expression and relapse‐free survival (C) or overall survival (D) using the Kaplan‐Meier method](CAS-109-462-g001){#cas13467-fig-0001}

###### 

Relationship between 15‐hydroxyprostaglandin dehydrogenase (15‐PGDH) expression and clinicopathological findings in 107 patients with pancreatic ductal adenocarcinoma

                                        15‐PGDH expression                     
  ------------------------------------- -------------------- ----------------- ------
  Age, years, mean (range)              69 (46‐82)           69 (43‐90)        .806
  Sex, male / female                    26/21                26/34             .218
  CEA, ng/mL                            1.7 (0.2‐39.3)       2.2 (0.4‐112)     .643
  CA19‐9, U/L                           36 (0.1‐4760)        64.8 (0.1‐3722)   .874
  T stage, 1‐2 / 3‐4                    15/32                6/54              .004
  Tumor size, mm                        29 (5‐60)            30 (10‐50)        .340
  LN metastasis, positive / negative    20/27                43/17             .002
  Nerve invasion, positive / negative   36/11                56/4              .013
  Ly invasion, positive / negative      26/21                42/18             .118
  V invasion, positive / negative       36/11                42/18             .444

CA19‐9, carbohydrate antigen 19‐9; CEA, carcinoembryonic antigen; LN, lymph node; Ly, lymphatic; V, venous.

John Wiley & Sons, Ltd

3.2. Downregulation of 15‐PGDH by IL‐1β leads to PDAC cell growth {#cas13467-sec-0015}
-----------------------------------------------------------------

To investigate whether the expression level of 15‐PGDH affects tumor growth in PDAC cells, we silenced 15‐PGDH expression using two siRNAs. *HPGD* (the gene coding 15‐PGDH protein) expression and 15‐PGDH protein level were significantly reduced by both siRNAs in two types of PDAC cells (Figure [2](#cas13467-fig-0002){ref-type="fig"}A,B). In addition, the silencing of 15‐PGDH significantly increased cell growth in the two types of PDAC cells (Figure [2](#cas13467-fig-0002){ref-type="fig"}C,D). These results indicate that 15‐PGDH suppresses cell growth and functions as a tumor suppressor in PDAC cells.

![15‐Hydroxyprostaglandin dehydrogenase (15‐PGDH) downregulation by interleukin‐1β (IL‐1β) enhances pancreatic ductal adenocarcinoma cell growth. A,B, Expression of *HPGD* (the gene coding 15‐PGDH protein, upper panel) or 15‐PGDH (lower panel) in PK‐8 cells (A) or S2‐013 cells (B) after treatment with siRNA targeting 15‐PGDH or with control siRNA, evaluated by quantitative RT‐PCR (upper panel) or Western blot analysis (lower panel). Data are presented as the treated/control cell ratio. C,D, PK‐8 cells (C) or S2‐013 cells (D) transfected with siRNAs targeting 15‐PGDH or with control siRNA were incubated for up to 96 hours and assayed for cell number; data are presented as the treated/control (time = 0) cell ratio. E,F, Expression of 15‐PGDH in PK‐8 cells or S2‐013 cells after IL‐1β (E) or tumor necrosis factor‐α (TNF‐α) (F) treatment for 24 and 48 hours and distilled water treatment for 48 hours as a control was evaluated by Western blotting. G, Column graph showing relative 15‐PGDH levels in PK‐8 cells or S2‐013 cells after IL‐1β and TNF‐α treatment for 24 and 48 hours, and distilled water treatment for 48 hours as a control, were evaluated using ImageJ software. H, Expression of *HPGD* and *IL1B* in six PDAC patients determined by quantitative RT‐PCR. Data were normalized to the *ACTB* mRNA level and are shown as the mean ± SD of three independent experiments. *\*\*P* \< .01](CAS-109-462-g002){#cas13467-fig-0002}

Recent studies have indicated that TNF‐α suppresses 15‐PGDH expression in colorectal cancer[25](#cas13467-bib-0025){ref-type="ref"} and that IL‐1β also suppresses 15‐PGDH expression in gastric cancer.[26](#cas13467-bib-0026){ref-type="ref"} Thus, we examined the effect of these cytokines on 15‐PGDH expression in PDAC cells. Consequently, we found that IL‐1β treatment significantly suppressed 15‐PGDH expression in the two types of PDAC cells; however, TNF‐α treatment had no effect on 15‐PGDH expression in PDAC cells (Figure [2](#cas13467-fig-0002){ref-type="fig"}E‐G). We next assessed the relationship between IL‐1β and 15‐PGDH expression in frozen PDAC tumor tissues from six patients with resectable PDAC. Interestingly, IL‐1β expression was inversely correlated with 15‐PGDH expression (Figure [2](#cas13467-fig-0002){ref-type="fig"}H). These results indicate that IL‐1β suppresses HPGD expression in PDAC cells in frozen tissues as well as in PDAC cell lines.

3.3. Activated macrophages produce IL‐1β and decrease 15‐PGDH expression in PDAC cells {#cas13467-sec-0016}
--------------------------------------------------------------------------------------

A previous study showed that macrophages have a central role in inflammation, and activated macrophages produce many types of pro‐inflammatory cytokines following exposure to Toll‐like receptor agonists such as LPS.[27](#cas13467-bib-0027){ref-type="ref"} We therefore hypothesized that activated macrophages produce IL‐1β in the tumor microenvironment, and the concentration of IL‐1β in the conditioned medium of PDAC cells and macrophages was examined by ELISA. Notably, we found that LPS‐induced activated macrophages produced abundant IL‐1β compared with PDAC cells or non‐activated macrophages (Figure [3](#cas13467-fig-0003){ref-type="fig"}A). We further investigated whether activated macrophages can alter 15‐PGDH expression in PDAC cells using indirect co‐culture assays. Western blot analysis revealed that only activated macrophages reduced 15‐PGDH expression in PDAC cells, and non‐activated macrophages did not show these changes (Figure [3](#cas13467-fig-0003){ref-type="fig"}B). We also found that CM obtained from activated macrophages reduced 15‐PGDH expression in PDAC cells, although CM from PK‐8 and non‐activated macrophages did not induce such changes (Figure [3](#cas13467-fig-0003){ref-type="fig"}C). Tumor‐associated macrophages have been implicated in tumor progression, and CD163 was identified as a potent marker of TAMs.[28](#cas13467-bib-0028){ref-type="ref"} Therefore, we confirmed that LPS‐induced activated macrophages significantly increased CD163 expression compared with non‐activated macrophages (Figure [3](#cas13467-fig-0003){ref-type="fig"}D). Moreover, we also found that macrophages directly co‐cultured with PDAC cells had higher CD163 expression than macrophages without co‐culture (Figure [3](#cas13467-fig-0003){ref-type="fig"}E). We next assessed whether TAMs altered 15‐PGDH expression through IL‐1β secretion under direct co‐culture conditions. The PDAC cells co‐cultured with non‐activated and activated macrophages had lower 15‐PGDH expression levels than PDAC cells alone (Figure [3](#cas13467-fig-0003){ref-type="fig"}F,G). We further assessed whether IL‐1β was predominantly expressed in TAMs under direct co‐culture conditions using flow cytometry analysis. As a result, we observed that, under direct co‐culture conditions, IL‐1β is more highly expressed in TAMs than in PK‐8 cells (Figure [3](#cas13467-fig-0003){ref-type="fig"}H,I,[S1](#cas13467-sup-0001){ref-type="supplementary-material"}). These results suggest that activated macrophages secrete abundant IL‐1β and suppress 15‐PGDH expression in PDAC cells.

![Activated tumor‐associated macrophages produce interleukin‐1β (IL‐1β) and reduce 15‐hydroxyprostaglandin dehydrogenase (15‐PGDH) expression in pancreatic ductal adenocarcinoma cells. A, Concentration of IL‐1β in conditioned medium from PK‐8 cells or macrophages (Mφ) treated with lipopolysaccharide (LPS) or distilled water (DW) was evaluated by ELISA. B, Expression of 15‐PGDH in PK‐8 cells determined by Western blot analysis 72 hours after co‐culture with or without macrophages treated with LPS or DW. C, Expression of 15‐PGDH in PK‐8 cells determined by Western blot analysis 72 hours after treatment with conditioned medium from PK‐8 or macrophages treated with LPS or DW. D, Quantitative RT‐PCR analysis of CD163 mRNA expression in macrophages 24 hours after LPS or DW treatment; data are presented as the LPS‐treated / control expression ratio. E, Expression levels of CD163 in monocultured macrophages (middle panel) or macrophages co‐cultured with PK‐8 cells (upper panel) were evaluated by flow cytometry. F, Representative double‐immunohistochemical staining of 15‐PGDH (brown) and CD163 (green) in only PK‐8 cells (left panel), PK‐8 cells directly co‐cultured with non‐activated macrophages (middle panel), or PK‐8 cells directly co‐cultured with activated macrophages (right panel). Scale bar = 20 μm. G, Column graph showing the percentage of 15‐PGDH‐positive cells in only PK‐8 cells, PK‐8 cells directly co‐cultured with non‐activated macrophages, or PK‐8 cells directly co‐cultured with activated macrophages. H,I, Expression levels of IL‐1β in monocultured PK‐8 cells or PK‐8 cells co‐cultured with macrophages and in macrophages co‐cultured with PK‐8 cells were evaluated by flow cytometry. \*\**P* \< .01. APC‐A, allophycocyanin; MFI, mean fluorescence intensity; PE‐A, phycoerythrin](CAS-109-462-g003){#cas13467-fig-0003}

3.4. Number of infiltrating TAMs is inversely correlated with 15‐PGDH expression in PDAC cells {#cas13467-sec-0017}
----------------------------------------------------------------------------------------------

Given that TAMs secrete IL‐1β and suppress 15‐PGDH expression in PDAC cells in vitro, we further investigated the relationship between 15‐PGDH expression in PDAC cells and the number of infiltrating TAMs in human PDAC tissues. We examined CD163 expression using IHC analysis to detect infiltrating TAMs in 107 human PDAC samples (Figure [4](#cas13467-fig-0004){ref-type="fig"}A,B), and the median number of TAMs was 20 cells/high‐power field (range, 2‐42 cells/high‐powered field). Consequently, the number of infiltrating TAMs was found to be inversely correlated with 15‐PGDH expression, in agreement with the direct co‐culture assay results (Figure [4](#cas13467-fig-0004){ref-type="fig"}C). These findings suggest that infiltrating TAMs in PDAC tissues suppress 15‐PGDH expression in PDAC cells.

![Tumor‐associated macrophages are inversely correlated with pancreatic ductal adenocarcinoma (PDAC) cells harboring high 15‐hydroxyprostaglandin dehydrogenase (15‐PGDH) expression. A,B, Representative immunohistochemical (IHC) staining of 15‐PGDH (upper panel) and CD163 (lower panel) expression in high 15‐PGDH (A) and low 15‐PGDH (B) serial PDAC specimens. Scale bar = 200 μm. C, Graph showing Pearson\'s correlation between the expression of 15‐PGDH and the number of CD163‐positive cells in 107 PDAC patients. D, Schematic representation of the findings of this study. IL‐1βR, interleukin‐1β receptor](CAS-109-462-g004){#cas13467-fig-0004}

4. DISCUSSION {#cas13467-sec-0018}
=============

Cancer‐related inflammation has been shown to promote tumor growth and progression in diverse cancers, including PDAC.[29](#cas13467-bib-0029){ref-type="ref"} The arachidonate cascade, a major inflammatory pathway, produces several metabolites due to activation of COX, and tumors harboring high COX expression have been associated with poor prognosis of patients with various types of cancer.[30](#cas13467-bib-0030){ref-type="ref"} Furthermore, 15‐PGDH is the key enzyme responsible for degradation and biological inactivation of PGE~2~; thus, decreased 15‐PGDH expression leads to PGE~2~ accumulation in the cells. According to previous studies, HPGD has been reported to be a tumor suppressor gene in several types of cancer.[18](#cas13467-bib-0018){ref-type="ref"}, [19](#cas13467-bib-0019){ref-type="ref"}, [20](#cas13467-bib-0020){ref-type="ref"} Here, we showed that 15‐PGDH expression in PDAC cells is suppressed due to IL‐1β derived from TAMs, and low expression of 15‐PGDH was significantly associated with poor prognosis along with increased tumor progression in PDAC (Figure [4](#cas13467-fig-0004){ref-type="fig"}D). Although 15‐PGDH expression is regulated by IL‐1β and TNF‐α, based on our results, only IL‐1β reduced 15‐PGDH expression in PDAC cells.

Tumor‐associated macrophages have been implicated in promoting tumor progression and poor prognosis in many cancers.[10](#cas13467-bib-0010){ref-type="ref"} Although various mechanisms are known to enhance tumor escape from the immune system, angiogenesis for tumor progression, and intravasation for tumor invasion, the mechanisms underlying downregulation of the tumor suppressor gene HPGD in cancer have not been elucidated. Notably, CD163 is a potent marker of M2‐polarized macrophages, and CD163‐positive TAMs were implicated in poor prognosis in several cancers.[21](#cas13467-bib-0021){ref-type="ref"}, [31](#cas13467-bib-0031){ref-type="ref"}, [32](#cas13467-bib-0032){ref-type="ref"} In fact, LPS‐treated activated macrophages significantly increased CD163 expression. Furthermore, we also showed that the number of CD163‐positive TAMs is inversely associated with low 15‐PGDH expression in PDAC cells from human PDAC tissues. However, further investigations are needed to establish the functional differences between M1‐ and M2‐polarized macrophages in PDAC.

In summary, we revealed a possible mechanism of promoting cancer progression through inflammatory cytokines in the tumor microenvironment. Given that 15‐PGDH expression in PDAC cells is suppressed due to IL‐1β derived from TAMs and is significantly associated with poor prognosis, the inhibition of this interaction between PDAC cells and TAMs could be a potential strategy for PDAC treatment.
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